Sustained delivery by a cyclodextrin material-based nanocarrier potentiates antiatherosclerotic activity of rapamycin via selectively inhibiting mTORC1 in mice.
Increasing evidence has demonstrated special advantages of the nanomedicinal approach for the management of cardiovascular disease. We hypothesize that sustained delivery of rapamycin (RAP) may provide more desirable therapeutic effects than traditional oral administration by selectively inhibiting mammalian target of rapamycin complex 1 (mTORC1) signaling. To evidence this assumption and develop an effective, safe, and translational nanotherapy for atherosclerosis, this study was designed to examine antiatherosclerotic efficacy of a RAP nanotherapy based on an acetalated β-cyclodextrin (Ac-bCD) material in apolipoprotein E-deficient (ApoE(-/-)) mice. First, biodegradable and biocompatible materials of Ac-bCDs were synthesized by kinetically controlled acetalation, giving rise to carrier materials that may not generate acidic byproducts after hydrolysis. Then RAP-loaded nanoparticles base on various Ac-bCDs were prepared by a nanoemulsion technique, which can sustain drug release for different periods of time, depending on the composition of Ac-bCDs. For a RAP/Ac-bCD180-derived nanotherapy (RAP-NP) that may continue RAP release for up to 20days in vitro, it afforded constant drug levels in both the blood and aortic tissue after subcutaneous injection, while orally administered free RAP showed typical peak-valley profiles with remarkably high peak concentrations. Therapeutic studies conducted in an experimental model of atherosclerosis established in ApoE(-/-) mice revealed that RAP-NP significantly reduced the formation of atherosclerotic lesions and dramatically enhanced the stability of plaques, which was more efficacious than orally delivered free RAP. Moreover, rupture-prone proinflammatory factors in both serum and aortas were significantly decreased after treatment. Whereas oral administration of RAP simultaneously inhibited mTORC1 and mTORC2 in the aorta, sustained delivery by RAP-NP selectively suppressed mTORC1, agreeing with in vitro results in smooth muscle cells. These findings demonstrated that antiatherosclerotic activity of RAP may be considerably improved by sustained release via the Ac-bCD material-derived nanocarrier, which was achieved through selectively inhibiting mTORC1.